In 3 experiments, .auditory massed repetition was used to examine age-related differences in habituation by means of the verbal transformation paradigm. Participants heard 10 words (5 high frequency and 5 low frequency), each presented 180 times, and they reported perceived changes in the repeated words (verbal transformations). In these experiments, older adults reported fewer illusory percepts than young adults. Older adults' loss of auditory acuity and slowing of processing, stimulus degradation (in young adults), and instructions biasing the report of these illusory percepts did not account for the fewer illusory percepts reported by the older adults. These findings suggest that older adults 1 reduced susceptibility to habituation arises from centrally located declines in the transmission of information within the wordrecognition pathway. The discussion focuses on the implications that these age-related declines may have on word identification during on-line speech perception.
"pest," from TRESS to "dress," or vice versa), during the repetition treatment, whereas Yin and MacKay found no age differences on this measure of habituation.
In light of these partially conflicting findings, the main goal of the present series of experiments was twofold: (a) to clarify the effects of aging on the VT phenomenon and (b) to understand the probable source(s) of these effects. To this end, the VT paradigm served as a means for investigating age-related changes in habituation along the sensory-perceptual pathway that subserves word recognition in the auditory domain. Because activation models provide a viable conceptualization of this fatigue-type phenomenon, we now turn to a brief description of activation models and how they may account for age-related differences in the VTE.
VTE Within an Activation Framework
In general, activation models postulate that word recognition occurs via the activation of units hierarchically organized into different representational levels, from those symbolizing sublexical information (syllables, vowels, consonants, and phonological features) to those representing lexical (word) information. In activation models, the presentation of a spoken word produces a pattern of activation across this hierarchical structure, and the level of activation of the sublexical and lexical units within this structure is determined by the degree to which they match the incoming signal (Elman, 1989; Mackay, Wulf, Yin, & Abrams, 1993; . Word recognition is assumed to rely on the level of activation of a particular unit relative to all the other units. Accordingly, a spoken word such as TRESS activates its target lexical unit and to a lesser extent neighboring units that share with the former some phonetic properties (e.g., dress, stress, etc.). The recognition of TRESS occurs when the level of activation of the lexical unit that represents TRESS exceeds the level of activation of neighboring units.
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In activation models (see MacKay, 1990; MacKay et al., 1993) , VTs are conceptualized as the result of a type of habituation that involves a temporary decrement in the activation level of the lexical unit that originally represented the best match for the incoming auditory signal (TRESS). The decrement in the activation level of the original percept (TRESS) results in other sublexical-lexical units related to TRESS gaining relative strength.
In a word-recognition system where activation levels are relative in nature, the most strongly activated unit at a given time becomes the listeners' percept. Thus, listeners, who continue to be exposed to the auditory signal originally perceived as TRESS, now experience auditory illusions, such as "dress," "stress," "Joyce," "floris," "florist," and "purse. demonstrated by McDowd and Filion (1992) , who reported that several repetitions of pure tones induced a reduction of the skin conductance orienting response (SCOR), and by Skinner (1936) , who found that repeating indistinct vowels over and over produced in listeners the experience of hearing words. Second, acoustic repetition is necessary for the occurrence of habituation at the lexical and semantic levels of processing. PUotti, Antrobus, and Duff (1997) found that varying the acoustic characteristics of the repetitions of a spoken word, thereby eliminating acoustic repetition while preserving lexical and semantic repetition, prevented the occurrence of another habituation-type phenomenon known as semantic satiation in young adults.
If the VTE is simply the result of auditory habituation, then it is reasonable to expect age differences in this phenomenon to arise from differences at the early sensory-perceptual levels of processing in which acoustic signals are translated into auditory percepts.
There are at least two possible sources of age-related changes at the early sensory-perceptual levels of processing: loss of auditory acuity (Humes & Roberts, 1990; Willott, 1991) and slowing in the uptake of sensory information in the aged (Stine, Wingfield, & Poon, 1986; Wingfield, Poon, Lombardi, & Lowe, 1985) . Both hearing loss and slowing would reduce the amount of information from the periphery that reaches a lexical unit every time a word is repeated, thereby weakening lexical habituation in the aged.
Therefore, in Experiment 1, we examined the effects of age-related hearing loss and slowing on the VT phenomenon. In Experiment 2, we further examined the possible contribution of peripheral impairments to the VTE by exposing young adults to degraded stimuli. The goal was to assess whether experimentally induced peripheral impairments in young adults could mimic older adults' performance in the VT paradigm. Finally, in Experiment 3, we examined whether older adults' reduced susceptibility to the VTE, reported in earlier studies, could also be the result of age-group differences in the willingness to report illusory percepts.
Experiment 1: The Effects of Hearing Loss and Repetition Rate on VTs Experiment 1 examined age-related differences in habituation by means of the VT paradigm, hi this paradigm, participants hear a word repeated over and over (TRESS) and report changes (VTs) in the repeated word. These changes are scored in terras of numbers of new forms and numbers of transitions, both of which serve as a measure of habituation (Warren, 1961) . New forms are the illusory percepts (e.g., "dress") reported during the habituation treatment. Transitions are all the possible ways in which percepts change during the habituation period, such as changes between different new forms (from "dress" to "pest"), changes from the veridical percept to a new form (from TRESS to "dress"), and reversals from new forms to the original percept (from "dress" to TRESS).
The main goals of this experiment were to replicate the earlier findings of age-related differences in the VTE (Warren, 1961; Yin & MacKay, 1992) and to identify the possible sources of these age differences. Warren (1961) and Yin and MacKay (1992) reported that the aged are less susceptible to the VTE than young adults.
They failed, however, to report any direct measure of auditory acuity. Thus, it is possible that hearing loss in the aged could be responsible for the observed differences in VTs. In Experiment 1, we measured hearing acuity in young and older adults (pure-tone air-conduction thresholds), and then we statistically removed the effect of this variable on the reports of VTs. If loss of auditory acuity makes older adults less susceptible to auditory massed repetition, then statistically removing the effect of this variable would eliminate the age-group difference.
In Experiment 1, we also examined whether age-related slowing in the uptake of sensory information, apart from hearing loss, is responsible for any age-related difference in the VTE. To this end, we used two repetition rates: fast (100-ms interstimulus interval
[ISI]) and slow (500-ms ISI). Warren (1961) and Yin and MacKay (1992) did not examine whether repetition rate modulates older adults' reports of VTs. However, it is reasonable to assume that a longer delay between consecutive repetitions of a word would give older adults more opportunities to process each repetition, thereby increasing the amount of information reaching the lexical unit that corresponds to the repeated word every time the word is repeated.
As a result, if age-related slowing in the uptake of sensory information is responsible for older adults' fewer reports of VTs, older adults would benefit from a slower repetition rate (i.e., they would perceive more illusory changes).
The third issue addressed in Experiment 1 was whether, apart from hearing loss and slowing of processing, age-related differences in the VTE can be attributed to changes in the integrity of the lexical units undergoing habituation in the aged. Several languageprocessing studies have reported that, in perceptual tasks such as naming and lexical decision, older adults usually show wordfrequency effects in the same direction as those displayed by young adults (see Allen, Madden, Weber, & Groth, 1993; Balota & Ferraro, 1993 ,1996 Spieler & Balota, 2000) . In the VT literature, however, word-frequency effects have not been examined closely.
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as symptomatic of lexical integrity in the aged. We predicted that if habituation of a lexical unit via the VT paradigm is indeed a reduction in the activation level of that unit (baseline plus additional activation resulting from the first repetition of the word), high-frequency words' higher baseline levels should make them less susceptible to habituation than low-frequency words in both age groups. To test this prediction, we selected stimulus words of either low or high frequency but with the same neighborhood size to avoid confounding frequency with neighborhood density (the number of words differing by one phoneme from the stimulus word; Goldinger, Luce, & Pisoni, 1989) . In fact, there is evidence suggesting that the VT phenomenon is influenced by the neighborhood size of the stimulus words. For instance, with word frequency held constant, Yin and MacKay (1992) found that words with a dense neighborhood elicited more new forms than those with a sparse neighborhood in both young and older adults.
Method
Participants. Forty-eight young and 48 older adults participated in the experiment (24 in each repetition rate condition: 100 and 500 ms). The mean age of young adults was 20.1 (17-29), and the mean age of older adults was 75.0 (63-87). The young adults were Washington University undergraduate students who participated in the experiment for course credit The older adults were community members from the Aging and Development Subject Pool who were paid for participating in the experiment. Young and older participants reported themselves as being in good health for their age, and none wore a hearing aid. All participants were given the vocabulary subtest of the Wechsler Adult Intelligence ScaleRevised (Wechsler, 1981) . The mean score of young adults was 52.8, and the mean score of older adults was 51.9. The two groups did not reliably differ on vocabulary scores, f(94) < 1.
Prior to the experimental session, pure-tone air-conduction thresholds for octave frequencies between 250 and 4000 Hz were obtained from the participants. The average thresholds (dB HL) for the better ear, that is, the ear with the least average loss, are reported in Table 1 . All the young participants had absolute thresholds less than 25 dB HL for octave frequencies from 250 to 4000 Hz. As shown in Table 1 , although the auditory acuity of older participants was more variable across all the selected frequencies, the vast majority had thresholds exceeding 25 dB HL for high frequencies.
Stimuli and apparatus. The stimuli in this experiment consisted of 10 monosyllabic words, 5 high frequency (M = 600; range = 269-895) and 5 low frequency (M = 2; range = 2-5; Francis & Kucera, 1982) , with a lexical density of 20 (i.e., the number of words, neighbors, differing by one phoneme from the target word; see Goldinger et al., 1989; Nusbaum, Pisoni, & Davis, 1984) . The stimuli (M duration = 534 ms), spoken by a middle-aged male talker, were digitized at a 20 kHz sampling rate and their RMS (root-mean square) amplitude levels were digitally equated. Four independent raters (two young and two older adults) correctly identified all the stimuli prior to experimental implementation.
Procedure. The experiment took place in a sound-attenuated room. Each trial began with a 500-Hz, 500-ms tone, followed 500 ms later by a word repeated 180 times. Either a 500-ms or 100-ms silent ISI separated each repetition of a word. Participants initiated any given trial by pressing the enter key on the computer keyboard. Trials were randomized separately for each participant. All the words were presented monaurally to the better ear of each participant over headphones (Sennheiser, HD 250) at 80 dB sound-pressure level (note that the VTE is not sensitive to monaural vs. binaural listening conditions; see Warren, 1961) .
Participants were instructed to say aloud the word they heard at the beginning of each trial and then report any change they perceived, such as new forms and transitions (see Taylor & Henning, 1963; Warren, 1961) . They received a one-word practice trial at the beginning of the experiment.
Participants' responses were recorded by means of a tape recorder. It is important to note here that the groups of either young or older adults assigned to the two repetition rate conditions of the present experiment did not differ reliably in any of the demographic measures discussed above.
Results
Earlier studies have included in their analyses the data of trials in which listeners incorrectly reported the word at the beginning of the repetition sequence (Warren, 1961; Yin & MacKay, 1992) .
However, we thought that for a test involving age differences to be meaningful, young and older adults not only should be presented This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
with the same stimulus material but also should perceive that stimulus material as being the same at the beginning of each trial.
Therefore, we excluded trials in which participants misperceived the stimulus words at the beginning of the habituation period to evaluate age differences in the VTE uncontaminated by differences in stimulus material. These exclusions accounted for 9.6% of the young adults' trials (the veridical form was never reported on 2.3% of these trials) and 14.2% of the older adults' trials (the veridical form was never reported on 8.1% of these trials). Note that the inclusion of these data would not have changed the overall pattern of results observed with the subset of data that we have selected. These observations were supported by a 2 (age) X 2 (repetition rate) X 2 (word frequency) mixed-factor analysis of variance (ANOVA) followed by an analysis of covariance with hearing level as the covariate. Because young and older adults' thresholds differed the most in the high-frequency range, we used the thresholds averaged across the high frequencies reported in Table 1 (2,000 and 4,000) as a restricted measure of participants' hearing levels. 1 Note that all the differences reported here and in the subsequent experiments are significant at the p < .05 level unless otherwise indicated.
Number of new forms.
Older adults reported fewer illusory changes than young adults, F(l, 92) = 31.63, MSE = 2.21. This age difference remained significant when the effect of auditory acuity was statistically removed. In both age groups, lowfrequency words induced more illusory changes than highfrequency words, FC1,92) = 14.15, MSE = 0.52 (the effect of rate and interactions, Fs < 1.9). Interestingly, although repetition rate did not reliably interact with the other factors, a separate analysis of the effect of word frequency at each repetition rate showed that the fast repetition rate eliminated the effect of word frequency in young adults, slow: r(23) = 2.03; fast: t < 1. In contrast, the effect of word frequency remained unaltered by repetition rate in older adults, slow: r(23) = 3.05; fast: «23) = 3.08. 
Number of transitions.

Discussion
Several aspects of Experiment 1 are noteworthy. First, older adults were less susceptible to the VTE than young adults. They reported fewer new forms for both high-and low-frequency words and reliably fewer transitions for high-frequency words. Second, older adults' weak susceptibility to massed repetition could not be entirely accounted for by age-related losses in auditory acuity (at least as indicated by the persistence of an age-group difference after the removal of the effect of hearing level on new forms).
Third, slowing in the uptake of sensory information in the aged did not account for the age differences in new forms. It is interesting that the marginally significant effect of repetition rate on number of transitions was not in the direction predicted by the slowing account. According to this account, a slower repetition rate should increase the number of VTs in older adults. In our experiment, however, slowing the repetition rate slightly decreased the number of transitions in both age groups. Fourth, the word-frequency effects observed on new forms and transitions indicated that aging preserves the strength of the word units in the mental lexicon.
The age differences in new forms observed in the present experiment are consistent with earlier findings showing that older adults report considerably fewer illusory percepts than young adults (Warren, 1961; Yin & MacKay, 1992) . Similarly, the age differences in transitions observed in this experiment replicate
Warren's finding, albeit for only high-frequency words. Interestingly, our finding that loss of auditory acuity does not account for the age differences in new forms observed in Experiment 1 also supports Warren's claim that stimulus degradation induced by hearing loss cannot explain older adults' reduced susceptibility to auditory massed repetition. Warren's claim is based on the finding that although young adults exposed to degraded stimuli, such as words masked by noise, display a decrement in VTs, this decrement is not as profound as the one displayed by the aged (1961, 1968) . It is noteworthy to point out that Warren's argument relies on the assumption that the reduced intelligibility produced by older adults' hearing loss is directly comparable to the perceptual effects of stimulus degradation on young adults. However, masking noise, an experimentally induced form of degradation, adds to the speech-signal-irrelevant information, whereas hearing loss, an endogenous form of degradation, depletes the speech signal of information relevant to word identification (e.g., generally highfrequency information). These two forms of stimulus degradation are qualitatively different except for the fact that they both reduce 1 We also used the thresholds averaged across all the frequencies reported in Table 1 as a covariate. We found that using this broader measure of hearing level did not produce a pattern of results different from that observed with the thresholds averaged across the high frequencies only.
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. the intelligibility of speech signals (Hirsh, Reynolds, & Joseph, 1954) . The results of Experiment 1 suggest that they are also functionally different. Indeed, in Experiment 1, we found that older adults' lower auditory acuity accounted for only their fewer reports of transitions to high-frequency words. In contrast. Warren found that masking noise reduced young adults' reports of both transitions and new forms. Nevertheless, if one accepts Warren's notion that the reduced intelligibility produced by masking noise is comparable to the 'perceptual effects of hearing loss, then the decrement in VTs observed by Warren in the young participants exposed to degraded stimuli suggests that reduced intelligibility plays a role in lexical habituation. Experiment 2 examined this notion by exposing young participants to degraded stimuli.
Experiment 2: The Effect of Stimulus Degradation on VTs in Young Adults
Although loss of auditory acuity in the aged did not account for the age differences in new forms observed in Experiment 1, we thought that statistically removing the contribution of age-related differences in auditory acuity was only an indirect means of evaluating the role of peripheral impairments. Therefore, we directly tested the peripheral account of age-related differences in lexical habituation by presenting young adults with the words of Experiment 1 low-pass filtered at 1.5 kHz. We then compared their reports with those of the older participants of Experiment 1 who displayed losses of auditory acuity above 1 kHz. The choice of low-pass filtering was motivated by the need of an experimentally induced form of degradation that would mimic hearing loss in the aged. Low-pass filtering deleted from our stimulus material the acoustic information that the older adults of our sample were less likely to perceive (high-frequency information), thereby creating in young adults peripheral impairments that roughly approximated those of older adults. It was hypothesized that if loss of auditory acuity in the aged plays any role in lexical habituation, the age differences in VTs encountered in Experiment 1 would be eliminated or minimized by exposing young participants to degraded stimuli.
Method
Participants. Eighteen young adults participated in the experiment Their mean vocabulary score was 55.6, and their mean age was 21.4 (19-25), Twenty-four additional young adults who participated in the 500-ms condition of Experiment 1 served as the comparison group for examining the effects of stimulus degradation on young participants (note that this subsample of young adults did not differ in demographics from the entire sample of young adults used in Experiment 1). The 18 older adults in the 500-ms condition of Experiment 1, who had normal hearing acuity for octave frequencies from 250 to 1000 Hz but thresholds exceeding 25 dB HL for frequencies above 1000 Hz, served as the comparison group for examining age differences (see Table 1 ).
Stimuli and procedure. The stimulus words used in Experiment 1 were low-pass filtered at 1.5 kHz using a commercial signal-processing program. With the exception of stimulus degradation, the experimental procedure was identical to the one used in the 500-ms condition of Experiment 1.
Results
The main purpose of this experiment was to examine the contribution of stimulus degradation to the habituation of lexical units in young adults and assess whether it reproduced the effects of hearing loss in the aged. As in Experiment 1, the data of trials in which listeners misperceived the word at the beginning of the repetition sequence were eliminated from the analyses. These data accounted for 33.3% of the young adults' trials in the degradation condition (the veridical form was never reported on 14.4% of these trials), 9.2% of the young adults' trials in the nondegradation condition (the veridical form was never reported on 1.7% of these trials), and 14.4% of the older adults' trials (the veridical form was never reported on 9.4% of these trials).
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PILOTTI, BALOTA, SOMMERS, AND KHURSffiD and by young and older adults exposed to nondegraded stimuli are presented in Figure 2 . There are two major points to note from Figure 2 : First, contrary to what would be expected with masking noise, our experimentally induced form of degradation did not decrease the young adults' reports of new forms and transitions to the level observed in older adults. Interestingly, compared with young and older adults exposed to nondegraded stimuli, there was a trend in the opposite direction (i.e., stimulus degradation actually increased the VTE). Second, stimulus degradation preserved the word-frequency effect observed with intact stimuli on new forms but weakened it on number of transitions. These observations were supported by two separate analyses: First, a 2 (degradation) X 2 (word frequency) mixed-factor ANOVA examined whether stimulus degradation affected performance in young adults. Second, a 2 (age) X 2 (word frequency) mixed-factor ANOVA assessed whether stimulus degradation reduced the age differences observed in Experiment 1.
Does stimulus degradation affect habituation in young adults?
The analyses of the young adults' data (degradation vs. nondegradation) indicated that the reports of new forms and transitions were not reliably different between the two groups, F(l, 40) < 1, and F(l, 40) = 1.26, respectively. As expected, both groups reported more new forms for low-frequency than high-frequency words, F(\, 40) = 8.11, MSE = 0.77. The word-frequency effect on transitions was marginally significant, F(1,40) = 3.40, p = .07, MSE = 30.31. No reliable interaction was observed on either dependent measure (Fs < 1).
Does stimulus degradation reproduce the effects of hearing loss? Young adults exposed to degraded stimuli reported more new forms than older adults exposed to intact stimuli, F(l, 34) = 18.49, MSE = 2.05. Although young adults reported more transitions than older adults, there was no reliable age effect (F = 1.54). Both groups reported more new forms for lowfrequency than high-frequency words, F(l, 34) = 12.37, p = .001, MSE = 4.55. The word-frequency effect on number of transitions was not significant but in the expected direction (F = 2.06). No reliable interaction was observed on either dependent measure (Fs < 1). It is interesting that when the reports of young adults exposed to intact stimuli were compared with those of the older adults selected for this experiment (who had losses in auditory acuity limited to high-frequency information), older adults still reported reliably fewer new forms but not transitions than young adults, F(l, 40) = 10.14, MSE = 2.74, and F < 1, respectively.
Discussion
Several aspects of Experiment 2 are noteworthy. First, stimulus degradation did not produce any reliable effect on the number of new forms and transitions reported by young adults. Warren (1961 Warren ( , 1968 found that stimulus degradation (masking noise) reduced the number of VTs experienced by young adults. It is interesting that our experimentally induced form of degradation produced a trend in the opposite direction. Of course, one may argue that low-pass filtering does not reduce the intelligibility of the signal as much as hearing loss or masking noise, but the data on misperceptions at the beginning of the repetition treatment suggest that this is not the case. In fact, these data show that our experimentally induced form of stimulus degradation, whose effects were assumed to be roughly similar to those produced by peripheral impairments, successfully induced in young adults word-identification difficulties that were even larger than those experienced by the aged. Second, Warren found that presenting young adults with stimuli masked by noise did not eliminate the age differences in the reports of VTs observed without degradation. Similarly, we found that older adults reported fewer new forms than young adults exposed to degraded stimuli even if their losses in auditory acuity roughly matched the missing portions of the degraded stimuli (high frequencies). Third, we found no reliable age differences in the reports of transitions. In Experiment 1, we observed only weak age differences in transitions, which were eliminated when the effect of hearing acuity was statistically removed. Therefore, it is not surprising that the older adults of this experiment, who displayed losses in auditory acuity restricted to high-frequency information, reported as many transitions as the young adults exposed to intact stimuli. Fourth, This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Although the notion of centrally located transmission deficits is a reasonable account for our findings of age differences in new forms, there is an alternative explanation that Experiment 3 addressed. That is, it is possible that the age-related differences observed in Experiments 1 and 2 were due to response-criterion differences. Specifically, older adults might have been simply less willing to report illusory changes than young adults because of the cultural stereotypes regarding loss of auditory acuity in the aged.
This explanation implies that older adults habituate as well as young adults but their criterion to respond is different. Our findings of robust age differences in new forms and of weaker age differences in transitions support this notion of response bias. That is, older adults might be more careful in reporting an illusory change, but once they have reported it, they have no difficulty indicating that it changed again. It is noteworthy to point out that this explanation conflicts with the behavioral expression of surprise that older adults displayed during debriefing in Experiment 1 when they were told that the changes they heard were produced by their perceptual system. However, because subjective reports at the end of an experimental session may not be as reliable as the results of an experimental manipulation, in Experiment 3, we tested the response-criterion explanation on a group of young and older adults by changing the VT instructions.
Experiment 3: The Effect of Instructions on VTs in Older Adults
The notion of response bias is not novel to the VT literature. It is embedded in the standard VT instructions first devised by Warren and has been the concern of other researchers. Warren (1968, p. 265) argued that "the very fact that the subject is required to continue to listen to the stimulus suggests that there is a reason for listening (i.e., that the stimulus might change)." What is really a concern here is not the existence of VTs (anyone exposed to a massively repeated spoken word hears these changes) but the extent to which group differences are produced by a person's willingness to report changes. Natsoulas (1967) directly addressed this issue by modifying the instructions given to two separate groups of participants. One group was informed that changes were actually occurring in the recording (external attribution), whereas the other group was told that the same word was repeated over and over and changes were produced by the perceptual system (internal attribution). Participants given the opportunity to attribute the changes to an external source reported more transformations than those who were aware of the true nature of these changes.
Experiment 3 examined whether older adults' fewer reports of new forms found in the earlier experiments resulted from agerelated differences in response criterion. Young and older adults were instructed that their task was to detect and report real changes occurring during each word trial. Specifically, the difference between the standard instructions of Experiments 1 and 2 and the biasing instructions of the present experiment is that the former required participants to listen carefully to what was being presented to them via headphones and report any change in what the voice seemed to be saying (nonbiasing instructions), whereas the latter encouraged participants to attribute any perceived change to the recording.
Method
Participants. Thirty-six older adults and 34 young adults participated in the experiment. Their mean vocabulary scores were 53.3 and 51.9, respectively (t = 1). Older adults' mean age was 74.5 (67-86) , and young adults' mean age was 19.2 (16-23) . Table 1 reports hearing acuity measures.
Stimuli and procedure. The words used in Experiment 1 constituted the stimulus material. The same procedure used in the 500-ms condition of Experiment 1 was used here with the exception of the biasing instructions.
Results and Discussion
The mean number of new forms and the mean number of transitions reported by young and older adults are presented in This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. participants misperceived the stimulus words at the beginning of the habituation period to evaluate age differences in the VTE uncontaminated by differences in stimulus material. These exclusions accounted for 15% of the older adults' trials (the veridical form was never reported on 6.9% of these trials) and 8% of the young adults' trials (the veridical form was never reported on 1% of these trials).
There are three major points to note from Figure 3 It is interesting that instructions encouraging participants to report illusory changes did not eliminate the age differences in new forms observed in the earlier experiments, suggesting that older adults' declines in lexical habituation are not due to differences in bias. Of course, another interesting finding of this experiment is that the biasing instructions eliminated the word-frequency effects observed in the earlier experiments in both young and older adults while preserving the age differences in the reports of new forms.
Note that this finding does not challenge the conclusion that we made earlier that the word-frequency effects observed in both young and older adults exposed to standard instructions (Experiments 1 and 2) are symptomatic of lexical integrity in the aged. In fact, in Experiment 3, the biasing instructions eliminated wordfrequency effects by favoring the reports of illusory changes for high-frequency words in both young and older adults. The absence of word-frequency effects in this experiment, however, cautions against interpreting the word-frequency effects observed in Experiments 1 and 2 as being the exclusive byproduct of the automatic functioning of the mental lexicon. Because the liberal response criterion made both young and older adults more sensitive to such changes, it is reasonable to conclude that aging preserves not only the integrity of the lexical units but also the influence of external factors (instructions) on participants' use of lexical information.
General Discussion
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word identification, whereas the weak age differences in transitions indicate that aging has only a minimal effect on the flow of activation among these units once they become activated. Of course, a restriction of the pool of candidates available for word recognition in older adults may be an adaptive solution to their peripheral impairments. Indeed, older adults' peripheral impairments prevent them from gathering from the speech signals as much information as young adults, thereby increasing older adults' difficulties in selecting lexical units that represent the best match for the incoming signals. A reduction in the transmission of information among lexical units restricts the pool of candidates available for word identification, and thus it may facilitate the selection process.
Of course, the age differences in new forms observed in our experiments suggest that aging, by modulating the patterns of activation within the mental lexicon, also affects participants' ability to withdraw processing resources from repetitive noninformative stimuli and direct them to novel information-bearing stimuli (MacKay, 1990) . Given that the ability to allocate processing resources to information-bearing stimuli is a primary property of an efficient processing system (Cowan, 1988) , older adults' weakened susceptibility to habituation may impair their ability to process information during on-line speech perception. Specifically, if older adults are less efficient in withdrawing resources to already processed items, these items will continue taking up resources that would otherwise be devoted to novel items, weakening the processing of the latter (see Balota & Black, 1997 , for similar arguments from a visual semantic satiation paradigm). Further evidence in support of this claim is found in studies of selective attention, in which older adults' impairments in processing relevant information are generally related to their difficulties in excluding from attention task-irrelevant stimuli (Barr & Giambra, 1990; Gopher & Kahneman, 1971) .
It is interesting that although our findings indicate that the massed repetition of a spoken word modulates the patterns of activation within the mental lexicon, whether the lexical habituation effects observed in our study are also the result of habituation at earlier stages of processing (auditory), as suggested by Pilotti et al. (1997) , is a matter for future research. Indeed, in our experiments, the repetitions of any given word were physically identical, and this may have induced habituation at the auditory level to be carried onto the next levels of the word-recognition pathway. One thing that our study clearly indicates, however, is that when physical identity is preserved across the different repetitions of a word, peripheral impairments are unlikely to be an important contributor of age differences in lexical habituation.
